Background-The six-minute walk test (6MWT) and cardiopulmonary exercise testing (CPET) are the 2 testing modalities most broadly used for assessing functional limitation in patients with heart failure (HF). A comprehensive comparison on clinical and prognostic validity of the 2 techniques has not been performed and is the aim of the present investigation. Methods and Results-Two hundred fifty-three patients diagnosed with systolic (nϭ211) or diastolic (nϭ42) HF (age: 61.9Ϯ10.1 years; New York Heart Association Class: 2.2Ϯ0.78) underwent a 6MWT and a symptom-limited CPET evaluation and were prospectively followed up. During the 4-year tracking period, there were 43 cardiac-related deaths with an annual cardiac mortality rate of 8.7%. The 6MWT distance correlated with CPET-derived variables (ie, peak VO 2 , VO 2 at anaerobic threshold, and VE/VCO 2 slope) and was significantly reduced in proportion with lower peak VO 2 and higher VE/VCO 2 slope classes and presence of an exercise oscillatory breathing (EOB) pattern (PϽ0.01). However, no significant differences were observed in distance covered between survivors and nonsurvivors (353.2Ϯ95.8 m versus 338.5Ϯ76.4 m; PϭNS). At univariate and multivariate Cox proportional analyses, the association of the 6MWT distance with survival was not significant either as a continuous or dicotomized variable (Յ300 m). Conversely, CPET-derived variables emerged as prognostic with the strongest association found for EOB (systolic HF) and VE/VCO 2 slope (entire population with HF and patients with a 6MWTՅ300 m).
(HF) that carries important prognostic information. 1 Its precise quantification is of value for studying pathogenetic mechanisms involved in functional limitation and for objectively staging the clinical severity of HF. 1 Basically, 2 methods for defining the extent of exercise limitation, the 6-minute walk test (6MWT) 2,3 and the cardiopulmonary exercise testing (CPET), 4 are currently used in daily clinical practice. The 2 testing modalities are consistently different. The 6MWT is a measure of distance, which is considered submaximal and perhaps more closely approximates the capacity to perform activities of daily living. Its clinical appeal also lies in the fact that it can be performed by almost all patients without the need of sophisticated equipment. Nonetheless, it does not allow for a thorough investigation into the pathogenetic mechanisms involved in dyspnea and fatigue sensation. 5 The CPET requires a maximal effort and provides a direct measure of oxygen consumption (VO 2 ) along with a series of measured and derived respiratory variables with a robust body of evidence supporting its prognostic ability. 6 -8 In addition, its interpretative and integrated analysis is valuable in the definition of pathophysiological correlates and mechanistic insights that lead to exercise limitation. 9 -11 
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With these established differences both tests are still commonly used for measuring functional limitation, assessing the response to different interventions, and for stratifying morbidity and mortality risk in populations with HF. [12] [13] [14] [15] [16] A comprehensive head-to-head clinical and prognostic comparison for patients with HF has not been systematically performed before and is, thus, the primary aim of the present investigation.
Methods

Study Design and Population
This is a prospective study consisting of patients with HF referred to the cardiopulmonary exercise laboratory at San Paolo Hospital, Milan. Two hundred fifty-three consecutive subjects diagnosed with HF who underwent a symptom-limited CPET between June 1999 and December 2008 were included. Subjects with significant obstructive lung disease, evidenced by a forced expiratory volume in 1 second Յ70% or who were unable to perform a maximal exercise test were excluded from the study.
All patients were in New York Heart Association (NYHA) functional Classes II or III. Patients with both systolic and diastolic HF were enrolled. Diastolic HF was defined according to the following criteria: (1) signs and symptoms of HF, (2) the presence of preserved left ventricular (LV) systolic function (ejection fraction [EF]Ն50%) 17 as assessed by 2-dimensional echocardiography, and (3) documentation of a mitral inflow early (E) velocity to mitral annulus early velocity (EЈ) Ն8. 18 Approval of the institutional review board was obtained before study initiation.
CPET Procedure and Data Collection
Symptom-limited CPET was performed on a bicycle ergometer after written informed consent had been obtained from all patients. Individualized ramp protocols were designed to obtain a test duration between 8 and 10 minutes. Ventilatory expired gas analysis was performed using a Sensormedics metabolic cart (Vmax, Sensormedics, Yorba Linda, Calif). The metabolic cart was calibrated according to the manufacturer's specifications before each test.
Standard 12-lead electrocardiograms were obtained at rest, each minute during exercise, and for at least 5 minutes during the recovery phase; blood pressure was measured using a standard cuff sphygmomanometer. Minute ventilation (VE, BTPS), oxygen uptake (VO 2 , STPD), carbon dioxide output (VCO 2 , STPD), and other cardiopulmonary variables were acquired breath by breath, averaged over 30 seconds, and printed using rolling averages every 10 seconds. The V-slope method was used to measure the anaerobic threshold. 19 Ten-second averaged ventilation (VE) and carbon dioxide (VCO 2 ) data, from the initiation to peak exercise, were input into spreadsheet software (Microsoft Excel, Microsoft Corp, Bellevue, Wash) to calculate the VE/VCO 2 slope by least-squares linear regression (yϭmxϩb, mϭslope). Exercise oscillatory breathing (EOB) during CPET was defined as previously described in detail. 20, 21 Briefly, criteria for EOB definition were the presence of 3 or more regular oscillatory fluctuations in VE with a minimal average amplitude of 5 L/min persisting for at least 60% of the entire exercise.
Test termination criteria consisted of symptoms (ie, dyspnea and/or fatigue), ventricular tachycardia, Ն2 mm of horizontal or downsloping ST segment depression, or drop of systolic blood pressure Ն20 mm Hg during progressive exercise. A qualified exercise physiologist with physician supervision conducted each exercise test.
6MWT
The 6MWT was performed on a level surface by a physician unaware of CPET and clinical results. Each subject underwent 2 tests performed on separate days. The first was for familiarization purposes, and the second was taken as representative of true exercise capacity. In 80 patients, a third test was repeated to test day-to-day reproducibility. Patients were instructed to cover the greatest distance possible during the allotted time, at a self-determined walking speed, pausing to rest when needed. The distance covered was measured by a body-borne pedometer according to the following formula: dϭyϫ10 m/x, where d is distance walked in meters and y is the total number of steps during the 6-minute period, as previously reported by Roul et al. 13 Echocardiography LV chamber dimensions were evaluated using standard procedures. LVEF was calculated from 2-dimensional apical images according to Simpson's method.
Conventional Doppler and Tissue Doppler Imaging Measurements
Mitral inflow measurements were obtained with the standard pulse-Doppler technique and included peak early (E) and peak late (A) flow velocities, and the E/A ratio. The tissue Doppler imaging of the mitral annulus was obtained from the apical 4-chamber view. A 1.5 sample was placed sequentially at the lateral and septal annular sites. Analysis was performed for the early (EЈ) and late (AЈ) diastolic peak velocities. The ratio of early transmitral flow velocity to annular mitral velocity of the lateral LV wall (E/EЈ) was taken as an estimate of LV filling pressure. 22
End Points
Subjects were followed for cardiac-related death by hospital and outpatient medical chart review to obtain the high likelihood that all major events were captured. Any death with a cardiac-related discharge diagnosis was considered an event. Clinicians conducting the CPET were not involved in decisions regarding cause of death or heart transplant or LV assist devices implantation.
Statistical Analysis
Continuous variables are reported as mean and SD. Categorical variables are reported as the actual number of subjects or percentage with a particular characteristic. 2 analysis was used to assess differences in categorical variables between groups. Unpaired t testing was used to compare continuous variables between survivors and nonsurvivors as well as differences in 6MWT distance according to the presence or absence of EOB during CPET. One-way analysis of variance assessed the difference in 6MWT distance according to the CPET-based ventilatory classification 8 and Weber classification systems. 23 Tukey's honestly significant difference was used to determine which ventilatory class (VC) groups were significantly different. Pearson product moment correlation was used to assess the relationships between echocardiography with tissue Doppler imaging and both CPET variables and 6MWT distance. Pearson product moment correlation and linear regression analysis were also used to assess the relationship between peak VO 2 and 6MWT distance and the latter variables ability to predict the former. Univariate and multivariate Cox regression analyses assessed the ability of CPET variables and 6MWT distance to predict cardiac mortality. The forward stepwise method was used for the multivariate analyses with entry and removal P values set at 0.05 and 0.10, respectively. Statistical differences with a P value Ͻ0.05 were considered significant.
Results
Follow-Up on Survival
No patients were lost to follow-up. The mean follow-up duration was 20.4Ϯ16.6 months. There were 43 cardiacrelated deaths during the 4-year tracking period with an annual cardiac mortality rate of 8.7%. Two of the subjects underwent heart transplantation during the tracking period and were treated as censored cases. None of the subjects included in this study suffered a noncardiac-related death. The mortality rate in patients diagnosed with systolic (17.1%, 36 of 211) and diastolic HF (16.7%, 7 of 42) was the same. Table 1 reports demographic, clinical, and echocardiographic characteristics for the overall group as well as differences between survivors and nonsurvivors. Nonsurvivors were slightly but significantly older than survivors and had a higher NYHA functional classes, LV end-systolic volume, LV mass, E/A, and E/EЈ ratios. With respect to therapy distribution, patients with diastolic HF were receiving diuretic, inotropic therapy as well as cardiac resynchronization therapy and LV assist devices in a lower rate. The distribution of patients receiving cardiac resynchronization therapy was similar in survivors and nonsurvivors, whereas LV assist device distribution was higher in nonsurvivors.
Baseline Characteristics
As reported in Table 2 , systolic and diastolic HF presented for the most part with similar baseline characteristics, although patients with diastolic HF presented with lower NYHA functional classes and smaller LV end-systolic volume. Patients with diastolic HF were receiving diuretic, inotropic therapy as well as cardiac resynchronization therapy and LV-assist devices in a lower rate.
CPET Data
Average peak VO 2 was 15 mL⅐kg Ϫ1 ⅐min Ϫ1 with a peak respiratory exchange ratio of 1.05, suggesting that the majority of subjects exercised close to their maximal capacity. Nonsurvivors compared with survivors had a significantly lower peak VO 2 , a higher VE/VCO 2 slope, and presented with EOB more frequently (Table 1) . No complications were recorded as a result of CPET, and tests were terminated because of dyspnea (63%) or fatigue (37%).
6MWT
The mean distance covered during the 6MWT was 350.7Ϯ92.8 m. The average distance covered was equivalent for subjects with systolic and diastolic HF (350.3Ϯ88.7 versus 352.5Ϯ112.7 m, respectively; PϭNS; Table 2 ). None of the tests was terminated prematurely. Eight patients required a rest stop, and 25% complained of symptoms (fatigue and dyspnea) during the test. Day-by-day 6MWT reproducibility was tested in 80 patients with a correlation coefficient of 0.78. The comparison of the average 6MWT distance in survivors versus nonsurvivors showed that the distance walked was slightly lower in nonsurvivors, but statistical significance was not reached. No differences were observed between the groups for reported symptoms or rest stops during the 6MWT. Figure 1 shows the average 6MWT distance covered according to the peak VO 2 Weber's classes (A), the ventilatory classification system (B), and the presence or absence of EOB (C). According to Weber classes, distance decreased significantly from Class A through Class D, and a significant difference was found among all classes (PϽ0.01). With respect to VCs, distance reduced from VC-I to VC-IV with a significant difference was observed among all subgroups (PϽ0.01) with the exception of VC-I versus VC-II. Finally, patients with EOB exhibited a significantly lower 6MWT distance versus no EOB (315.5Ϯ86.8 m versus 379.5Ϯ87.8 m; PϽ0.01). 
Study of Correlations
No correlation was found between 6MWT distance, LVEF, and E/A ratio. There was a weak but significant correlation between distance walked and LVESV and E/EЈ (Table 3) . A weak but significant correlation was found between peak VO 2 and E/EЈ ratio, whereas the VE/VCO 2 slope correlated with LVEF and E/EЈ ratio (Table 3) . A strong correlation was noted between peak VO 2 and VO 2 at anaerobic threshold versus 6MWT distance, and a weaker but a statistical significant correlation was also observed between the VE/VCO 2 slope and 6MWT distance (Figure 2 ).
Cox Regression Univariate and Multivariate Analyses
Cox regression analyses performed for systolic HF documented EOB as the strongest predictor ( 2 , 18.4; PϽ0.001) with VE/VCO 2 slope adding value (residual 2 , 4.0; PϽ0.05), whereas peak VO 2 and 6MWT distance were not retained into the model (residual 2 , Ͻ2.0; PϾ0.10). When the analysis was performed including the entire population with HF, VE/VCO 2 slope emerged as the strongest predictor ( 2 , 25.0, PϽ0.001) with EOB adding value (residual 2 , 12.6; PϽ0.001). Peak VO 2 and 6MWT were not retained (residual 2 , Ͻ1.0, PϾ0.40; Table 4 ). Analyzing the subgroup of subjects who achieved only a 6MWT distance of Յ300 m, no significant association with survival for 6MWT, EOB, or peak VO 2 was observed. However, the VE/VCO 2 slope did maintain significant prognostic value in this subgroup ( Table 5 ).
Discussion
In this study, we prospectively investigated the 6MWT and CPET-derived variables in the clinical and prognostic assessment of patients with stable chronic HF of both systolic and diastolic origin. Although previous reports have focused on whether 6MWT may be a reliable substitute of peak VO 2 as the only reference CPET variable, 13,24 -27 the present investigation extends the analysis by including exercise abnormalities in ventilation efficiency (ie, VE/VCO 2 slope) and patterns suggestive of ventilatory control instability (EOB) that, in recent years, have consistently emerged as the most relevant exercise indicators of HF clinical status and outcome. 6 -9 Major findings are that 6MWT is of proven validity for defining the extent of exercise limitation and physical disability, which correlates with peak VO 2 and the VE/VCO 2 slope, both established prognostic indicators. Nonetheless, these findings indicate that 6MWT does not portend any prognostic information when compared with CPET-derived parameters. A number of further considerations require attention.
6MWT Versus CPET: Clinical Information on Functional Limitation
In patients with HF, the 6MWT has become widely applied to screen exercise impairment and to assess the responses to various treatment interventions, especially pharmacological therapies or devices. 12, 15 A series of advantages of this functional testing approach have been repeatedly advocated, such as simplicity, feasibility, and negligible cost. Furthermore, there is the premise that the 6MWT has a high applicability to everyday activities of daily living even though when gas exchange analysis has been performed with combined portable systems, most patients exercised on a predominantly anaerobic metabolism, suggesting that their energy expenditure was close to or even maximal. 28, 29 This may well explain why in the majority of previous studies and in the present one, peak VO 2 and 6MWT distance linearly correlate. 13,24 -27 The possibility that most patients may exercise on primarily anaerobic demand is further reinforced by the observed correlation with VO 2 at anaerobic threshold and with the VE/VCO 2 slope. Notably, an excessive ventilation for a given CO 2 production rate is the result of increased peripheral stimuli because of early acidosis and increased concentration of anaerobic metabolites (ie, lactates and H ϩ ) as well as of an increased chemoreflex activation because of an altered PaCO 2 set point. 30, 31 When 6MWT distance was assessed according to both Weber and VC classes, averaged walk distance reduced according to class severity. However, no distance differences occurred between survivors and nonsurvivors. In agreement with established evidences, no correlation was found between LVEF and both 6MWT distance and CPET-derived variables. On the other hand, a correlation was found between the examined exercise measures with reliable estimates of LV filling pressures such as E/EЈ ratio.
These observations altogether suggest that the 6MWT is a valid exercise testing modality for objectively assessing the degree of clinical status and exertional limitation, and, to this specific end, it may represent a more immediate and advantageous application than CPET.
6MWT Versus CPET: Prognostic Insights
A point that has received considerable attention in the past but that remains uncertain due to conflicting observations is whether and in which type of population with HF the 6MWT affords prognostic insights. This is a critical area of investigation, given the reliance placed on the prognostic information gained from exercise testing in patients with HF.
Initial observations obtained in a subgroup of patients studied in the Studies of Left Ventricular Dysfunction (SOLVD) trials documented that walked distance is an independent prognostic predictor of long-term mortality. 32, 33 However, findings were obtained in patients with HF who were not receiving ␤-blocker as standard therapy. Later studies have actually provided opposite results. Ingle et al 34 reported a limited 6MWT prognostic utility in patients with mild LV dysfunction, whereas it remained a mortality predictor in patients with severe heart disease. Landmark observations by Lucas et al 25 demonstrated that 6MWT distance was useless for identification of patients in need of heart transplantation. Furthermore, the test showed no prognostic value in multivariate analysis that included important prognostic markers other than peak VO 2 , such as LV volumes, pulmonary capillary wedge pressure, and serum sodium. In a population of 315 patients with chronic heart failure and an average NYHA functional class and peak VO 2 comparable with our population, Opasich et al 27 demonstrated that the 6MWT was not an independent predictor of survival. Interestingly, prediction was not significant even when using a Յ300-m distance cutoff, a limit emerged as discriminatory in most investigations. 13, 14, 25, 35 In our study, the 6MWT was not prognostically viable, supporting the findings of Opasich et al. 27 When 6MWT distance was entered into a univariate and multivariate Cox model with peak VO 2 , VE/VCO 2 slope, and EOB, it lost any significant association with survival. Again, the results were consistent when using the dichotomous cutoff of Յ300-m distance. Conversely, CPET-derived ventilatory variables emerged as prognosticator, with EOB (systolic HF) and VE/VCO 2 slope (entire population with HF and patients with a 6MWTՅ300 m) showing the highest prognostic power. Thus, an accurate outcome definition may be provided only by performing a maximal effort with ventilatory gas exchange analysis.
Study Limitations
The population of patients with advanced HF was not represented. As observed in studies including severe HF, the predictive power of the 6MWT would likely portend additional clinical insights and some degree of prognostic value in this subset of patients. Thus, our findings do not apply to patients with advanced HF.
Remarkably, the use and applicability of 6MWT in the clinical management of patients with HF have been primarily investigated in population diagnosed with systolic HF, and previous experiences in diastolic HF are, without doubt, scarce. However, findings from the SOLVD trials argue for a similar test accuracy and prediction in both systolic and diastolic HF.
Nonetheless, some special considerations and caution need to be pointed out when interpreting our findings. Seventeen percent of patients included in this study presented with diastolic HF, and this does not actually reflect the proportion reported in epidemiological studies. However, it is well recognized that patients with diastolic HF, especially elderly and female population, are less likely referred for a CPET evaluation, thus increasing the likelihood that the whole spectrum of the preserved EF population with HF is not represented. It follows that, despite the mortality rate of both systolic and diastolic HF being similar, the number of events in the population with diastolic HF was insufficient to perform a meaningful prognostic analysis focusing on the subset of patients with isolated diastolic HF, information that remains challenging for future specifically designed investigations. However, we deemed it important to study a "real-life" population of outpatients with HF to ascertain exercise intolerance and clinical risk prediction.
The 6MWT day-by-day reproducibility was not tested in the entire population. However, in the subgroup of patients in which reproducibility was tested, an acceptable correlation coefficient was observed.
We did not include clinical status and echo-derived variables (ie, NYHA functional classes, LVEF, and E/EЈ) in the univariate and multivariate analyses to adhere to the relationship between number of cardiac events and variables assessed in the Cox proportional hazard model (Ϸ10 events per predicting variable). Nonetheless, the trial was specifically designed for assessing 6MWT and CPET-derived variables.
Conclusions
In conclusion, the 6MWT is confirmed to be a simple and reliable first-line test for quantification of exercise intolerance in patients with HF. However, there is no supportive evidence for its use as a prognostic marker in alternative to or in conjunction with CPET-derived variables.
Sources of Funding
This work was supported by a grant provided by the Monzino Foundation, Milano, Italy.
